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parisons of this background with the photosphere, photographed 
with light from the continuous spectrum immediately adjoining 
the calcium, hydrogen, or iron line employed for the flocculi. 
These new applications of the spectroheliograph have only 
recently occurred to me, and are mentioned because of their 
suitability for use with instruments containing prisms of ordi- 
nary height, capable of photographing only narrow zones of 
the solar image. Numerous other problems might be men- 
tioned, such as the comparative study of H 1; H 2 , and H 3 
photographs, and of calcium, hydrogen, and iron images; the 
distribution of the flocculi in latitude and longitude; their 
varying area, as bearing on the solar activity and on terrestrial 
phenomena; and their motion in longitude, as measuring solar 
rotation. But limitations of time forbid more than a mere 
reference to work and methods the details of which are dis- 
cussed elsewhere. My purpose has been accomplished if I have 
shown that with comparatively simple instrumental means any 
careful observer may secttre important results. In much of 
this work it is desirable that investigators occupied with similar 
problems should co-operate with one another. The Interna- 
tional Union for Co-operation in Solar Research was organized 
with this end in view. It has already inaugurated solar studies 
on a common plan in several different fields, and is preparing 
to extend the range of its activities in. the near future. 



NOTE ON THE DISTRIBUTION OF DOUBLE STARS 
IN THE ZONE + 56 TO + 90'. 1 



By R. G. Aitken. 



The main object of the survey of the sky that has been in 
progress at the t.ick Observatory for the past seven years 
is to accumulate data for a statistical study of the number 
and the distribution in space of the double stars whose com- 
bined magnitude is brighter than 9.1 of the B. D. scale, and' 
whose angular separation is less than 5". This survey is 
now well advanced toward completion, so far as the sky area 

1 Read before the Astronomical and Astrophysical Society of America, New York, 
December, 1906. 
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north of — 22° Declination is concerned, and it becomes a 
matter of interest to ascertain what kinds of data it is likely 
to yield. 

In general, the various 4 zones into which the sky was 
divided for this survey have not yet been completely examined, 
the winter hours of Right Ascension, from 7 h to 14 11 , being 
considerably less advanced than the remaining portion. But 
the entire area north of + 56 has been examined, and I have 
tabulated the results. Some of these tabulations and my con- 
clusions based upon them I desire to present briefly. 

The region named was divided into eight zones, of which 
Professor Hussey examined four,. — namely, + 60° to -f- 64°, 
+ 64 to + 68°, + 76° to + 8o°, + 8o° to + 84°, and the 
writer the remaining four. Professor Hussey included the 
9.1 B. D. stars in his search, while I examined only those as 
bright as 9.0. In the following discussion only the stars to 
9.0 are included. 

As the area north of + 6o° was almost entirely examined 
with the 12-inch telescope, while about one half of the zone, 
+ 56° to -f- 6o°, was examined with the 36-inch, the latter is 
considered separately. 

It has been the experience of both observers that, under 
good conditions, a double star with nearly equal components 
will be recognized with certainty with the 12-inch telescope 
if the distance is as great as o".25 ; in fact, we have each 
discovered several pairs with that instrument whose distances, 
measured later with the 36-inch, were found to be well under 
o".25. If the two components differ two or more magnitudes, 
we cannot be sure to detect the duplicity if the distance is 
much under 1". If the distance is 2" or more, a companion 
as faint as 13 or 13J/2 magnitude will be seen readily. 

Since every previously known double star as bright as 9.0 
magnitude was carefully identified in the course of the search, 
the fact that they were first seen with telescopes of very dif- 
ferent apertures has no bearing upon the present discussion, 
so that the results given for the zone + 6o° to + 90° may be 
considered to be based entirely upon the separating power 
of the 12-inch telescope. 

By actual count of the stars on the charts used in the search, 
I find that in the region north of + 6o° we have examined 
12,299 stars °f 9-° magnitude or brighter. Of these, 294 were 
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known double stars, and 259 more were found to be double 
during our survey, giving a total of 553 pairs in this sky area. 
This includes seven bright stars with distances exceeding 5", 
and excludes duplicates. That is, when we have found that one 
component of a Struve or other known pair is itself double 
only the closer pair is counted. 

It appears, then, that one star in 22}4 in this region is a close 
double within the separating power of a good 12-inch telescope, 
a ratio somewhat smaller, as I have reason to believe, than 
will be found to hold for the sky in general. The tables that 
accompany this note exhibit the distribution of these pairs. 
Table I gives the number of new discoveries and the number 
of previously known double stars in each zone and for each 
si/x hours of Right Ascension. Table II combines the new 
and old pairs for each hour of Right Ascension for the whole 
region and for the two zones + 6o° to -f 68° ar »d + 68° to 
-|- 90 separately. 

Table I. + 6o° to +90 . 
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Quadrant. SUMMARY. 

I 173 : 33S4=i : 19-4 75 : 1622 = 1 : 21.6 98 : 1732 = 1 : 17-7 
II 87 : 2484= 1 : 28.6 39 : 1326= 1 : 34.0 48 : 1158= 1 : 24.1 

III 86 : 2597 = 1 : 30.2 45 : 1432 = 1 : 31.8 41 : 1165 = 1 : 28.4 

IV 207 : 3864= 1 : 18.7 86 : 1663 = I : 19.3 121 : 2201 = 1 : 18.2 

Total 553 :l2299=i : 22.24 245 : 6043 = 1: 24.7 308 : 6256=1 : 20.3 

It is at once apparent from these tables that the double-star 
distribution follows in a general way the distribution of all 
stars to 9.0 magnitude, and if the numbers in Table II are 
plotted the resemblance of the curves is striking. 

But an unexpected feature of the distribution is the fact 
that the double stars are relatively as well as absolutely more 
numerous in the richer sky areas, the numbers in the four 
quadrants of Right Ascension being very nearly as 2 to 1 to 
1 to 2.4 while the numbers of the stars to 9.0 magnitude are. 
about as 1.3 to 1 to 1 to 1.5. When the zones -f 6o° to + 68° 
and + 68° to -f- 90° are taken separately the same relation 
is found in each. 

My next effort was to determine whether a different relation 
would be shown by the closer pairs or by the brighter pairs. 
The pairs under 2" were separately tabulated, then those 
under 1", then the very close pairs, J/3" or less, and finally 
the pairs as bright as 7.5 magnitude. It is not necessary to 
give the details, but the results by quadrants are as follows : — 

I. II. III. IV. 

No. Ratio. No. Ratio. No. Ratio. No. Ratio. 

Under y 3 " 15 1:224 9 1:276 11 1:236 24 1:161 

1 76 1 : 44 37 1 : 67 40 1 : 65 80 1 : 48 

" 2 113 1 : 30 56 1 : 44 66 1 : 39 132 1 : 29 

5 173 1 : 19 87 1 : 29 86 1 : 30 207 1 : 19 

7.5 Mag.or brighter 49 1 : 68 23 1 : 108 18 1 : 144 63 1 : 6l 

It is clear from an inspection of this table that the closer 
pairs, which may safely be classed as binary systems, follow 
the same general law of distribution as do all the pairs here 
considered, and also that magnitude does not materially affect 
the question. In fact, I find that the average magnitude of 
the closer pairs in the second and third quadrants is slightly 
greater, numerically, than that of the corresponding pairs in 
the other two. So far as this factor goes, therefore, rather 
more difficult pairs were detected in the second and third 
quadrants than in the first and fourth. The result is not 
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affected by the time of year in which the work was done, as 
only nights of good seeing were used, and, besides, the search 
in each quadrant extended over from six to nine months. 

It may therefore be accepted as a fact that in the sky area 
from + 6o° to the North Pole, double stars of all classes up 
to 5" separation are relatively more numerous in the region 
richest in stars to 9.0 magnitude, — that is, in the region of 
the Milky Way. 

The zone + 5^° to + 6o° contains 4,257 stars as bright 
as 9.0 that were actually examined with the telescope. The 
fourth quadrant was almost wholly surveyed with the 12-inch, 
the first with the 36-inch, and the other two about in equal 
parts with the two telescopes. Of these stars 114 were known 
double stars and 130 more were found to be double, making 
a total of 244 pairs, or a ratio of 1 to 17.4. When the numbers 
of double stars and of stars to 9.0 in each hour of Right 
Ascension are plotted the two curves again show a very marked 
similarity. 

Grouped by quadrants, we find the following relations: — 

Stats to 9.0. Doable stare. Ratio. 

I 1413 98 1 : 144 

II 716 35 1 : 20.4 

III , 672 30 1 : 22.4 

IV 1456 81 1 : 18.0 

Thus in this zone, too, we find that the double stars are rela- 
tively more numerous in the regions richest in stars to 9.0 
magnitude, though the curve is somewhat affected, as one 
would expect, by the fact that the fourth quadrant was exam- 
ined with a much less powerful instrument than the other 
three, especially the first. 

When the ratios are taken by zones of Declination, we 

nnG . Zone. . . Ratio. Zone. Ratio. 

+ 84° to 4-90 1 : 30.9 +68° to +72° 1 : 24.7 

+ 80 to +84 1 : 25.7 +64 to +68 1 : 21.9 

+ 76 to + 80 1 : 27.9 + 60 to + 64 1 : 19.2 

+ 72 to +76 1 : 21. 1 +56 to +60 1 : 17.4 

The charts used in the survey give evidence of local irregu- 
larities in the distribution of the double stars, the ratio in some 
areas of 15 to 20 square degrees being as high as 1 to 7 or 8 
and in others as low as 1 to 50. The study of these irregu- 
larities is deferred to the time when the whole northern 
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hemisphere shall have been examined, when a division of the 
sky into small sections of approximately equal area will make 
it possible to decide whether there is any marked tendency 
toward gregariousness on the part of the double stars and also 
whether, as a whole, they are distributed symmetrically rela- 
tively to some plane, — as, for instance, that of the Milky Way. 
Lick Observatory, December 4, 1906. 
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Made by Torvald Kohl, at Odder, Denmark. 
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1 Vide the sketch in the Publications A. S. P., No. ioo, p. 16. 
= Vide the sketch in the Publications A. S. P., No. 73, p. 56. 



